Abstract Coral skeletons harbor diverse assemblages of endolithic microorganisms that often have a profound influence on the ecology and physiology of the coral host.
Introduction
Coral skeletons provide a unique niche for a wide range of endolithic microorganisms. The coral skeleton is surrounded by coral tissue and the physical and chemical environment within the skeleton is significantly different from that of ambient seawater (Shashar and Stambler 1992) . In addition to the extremely low light environment beneath the tissue, endolithic microorganisms are con stantly being exposed to large diurnal fluctuations in pH and oxygen levels. For example, oxygen concentration was 20 times higher and pH nearly one unit higher in the area of the skeleton containing endolithic algae (Shashar and Stambler 1992) when under high light condition compared to in the dark. Visible green, black, brown and red bands corresponding to algae, fungi, bacteria and cyanophytes occur inside the skeletons of a number of species of corals (Di Salvo 1969; Highsmith 1981; Bak and Laane 1987) . Filamentous green algae of the genus Ostreobium are the most regularly described endolith in the green bands, while fungi are mostly associated with the black bands (Lukas 1974; Bak and Laane 1987) . Di Salvo (1969) hypothesized that these black bands were sites of sulfate reduction due to the smell of hydrogen Sulfate-reducing bacteria in the skeleton of the massive coral Goniastrea aspera from the great barrier reef Reefbuilding corals thrive in clear, oligotrophic waters (D′Elia and Wiebe 1990), therefore both the coral host and commensal organisms are likely to be sensitive to small increases in nutrient levels. Indeed, nutrient enrichment is a major cause of coral reef degradation (Fabricius 2005) .
Effects of increase nutrients include a reduction in colony growth rates (Marubini and Davies 1996) , an increase in coral disease (Bruno et al. 2003) and changes in the bacterial assemblage on the surface of colonies (Klauss et al. 2007 ). In addition, the diversity and abundance of endoliths in coralline algae are lower in polluted areas when compared to nonpolluted areas (Ghirardelli 2000) .
However, the effect of water quality on the endolithic microorganisms of corals remains largely unexplored.
Here, we compared the diversity of dsrB (dissimilatory sulfite reductase βsubunit)genes in sulfatereducing com munities inside the skeletons of the massive coral Goniastrea aspera in both oligotrophic and eutrophic waters to determine whether endolith diversity is affected by the nutrient status of seawater. We concentrated on sulfatereducing bacteria (SRB) due to the detection of black bands which emitted hydrogen sulfide smell in coral skeleton samples.
Materials and Methods
Ten individual colonies of Goniastrea aspera (5-7 cm maximum diameter) were collected at a depth of 1-2 m clamp was added at the 5′end (Muyzer et al. 1993 ) and DSR4R (5′GTGTAGCAGTTACCGCA3′) was obtained for DGGEanalysis (Wagner et al. 1998; Geets et al. 2006 
Results
Multiple layers of black band were only present in the skeleton of Goniastrea aspera collected from Pioneer Bay (Fig. 1c) . In contrast, skeletons from Nelly Bay typically had a green band (Fig. 1d ). During processing, black banded skeletons gave off a hydrogen sulfide smell suggesting that sulfate reduction was occurring inside the coral skeleton. PCR products corresponding to the dsrB genes were detected in the black bands in the skeletons from Pioneer Bay. The diversity of dsrB genes in SRB communities was further examined by DGGE profiling (Fig. 2) . Although all 10 samples had different band patterns, one dominant band was observed in 7 samples.
Multiple weak bands appeared in the DNAderived profiles of three skeletons PB4, PB6 and PB7 which after repeated attempts gave an ambiguous sequence and hence were not included in the phylogenetic analyses. This limitation of the DGGE assay probably leads to under estimation of the diversity. A total of 7 dominant bands were excised, and sequenced, and their affiliations were analyzed and depicted in a phylogenetic tree (Fig. 3) .
Sequence analysis of the dsrB gene revealed diverse SRB communities in the coral skeletons. Overall, they were closely related to SRB communities typical of marine environments. Half of these sequences (GBR25) were clustered with uncultured SRB detected in areas polluted by leachate from landfills which were infiltrated by sea water.
The source of SRB communities is most probably from seawater because they are also widespread in variety of unpolluted marine and estuarine environments (Wu et al. 2009 ). One sequence (GBR7) clustered with bacteria characteristic of bioreactors. Finally, the sequence GBR1 was affiliated with Desulfovibrio zosterae, a SRB isolated from the seagrass Zostera marina (Nielsen et al. 1999) . 
Discussion
SRB are common in environments including marine sediments, salt marshes, deepsea hydrothermal vents and contaminated aquifers (Jorgensen et al. 1992; Bahr et al. 2005; Wu et al. 2009 ). To the best of our knowledge, this is the first report of the presence of SRB in coral skeletons.
Previously, fungi have been found in association with black bands in corals (Bak and Laane 1987) 
